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Summary 
The main scope of the present work is to explore the electronic structure and 
magnetic properties of the transition metal and lanthanide based complexes. In this 
dissertation, first two sections are devoted to the magnetic properties of mono and 
dinuclear (3d metal ) complexes toward future application of the single molecule 
magnet (SMM). The remaining two sections investigate the electronic structure of metal 
(4f lanthanides) encapsulated C80 fullerenes in terms of kinetic and thermodynamic 
stabilities, which might offer an insight to the experimentalist to further design new 
magnetic materials. 
In chapter three, using state of the art ab initio calculations, I have modelled 
eleven  mononuclear complexes of Co(II) ion to probe the origin of zero field splitting 
(zfs). Calculations on the mononuclear complexes with structural diversity in the 
coordination sphere suggests that, the magnitude and the sign of the D values are 
strongly dependent on the structural parameters. I have proposed that the neighbouring 
and next  neighboring coordination sphere and structural parameters like Co-L and 
L-Co-L bond angle influences the magnitude of D. Apart from the structural parameters, 
metal-ligand covalency also plays a profound role in governing the magnitude and sign 
of the D values.  
In chapter four, I have focused on understanding the magnetic exchange 
interaction in the 3d-3d binuclear complexes and extensive calculations were performed 
on the binuclear complexes to provide a better description of the magnetic exchange in 
these classes of complexes. In order to develop mechanism of magnetic exchange 
interaction in the 3d-3d complexes, five binuclear complexes along with several model 
complexes have been modelled using BS-DFT (Broken-Symmetry Density Functional 
Theory) methods. MO (Molecular orbital) , NBO (Natural bonding orbital) and overlap 
integral analysis suggests that the dx2-y2 - dx2-y2 overlap is the key factor for the 
antiferromagnetic exchange in these complexes. However the strength of the magnetic 
exchange is mainly governed by the M-O-M bond angle and Hinge distortion associated 
with the complexes. Thus complexes with small M-O-M bond angle could be the best 
target for building complexes with ferromagnetic exchange in case of the dinuclear 
bis-phenolate bridged complexes.  
In chapter five, the stability, absorption spectral features and electronic 
structure of ground and excited states of the endohedral metallofullerenes (EMF) with 
two identical metals encapsulated has been explored. A series of EMFs with the formula 
M2@C80 (M= Sc, Y, La, Gd, Lu) has been studied by DFT and TD-DFT 
(Time-dependent density functional theory). Structural analysis suggests that M2@C80 
has a stable D2h configuration. Except La2@C80, all other di-EMFs were found to be 
unstable because of the high spin ground state which in turn leads to an unpaired spin 
on the cage. Any EMF which has an unpaired spin on the cage, remains unstable due to 
the attack by the external reactive species and supports the fact that the rest of the 
studied species which has an unpaired spin on the cage have not been isolated. Hence, 
to obtain a stable species an electron reduction is necessary so that the unpaired electron 
on the cage disappears. In fact, theoretical investigation on anionic species of 
[M2@C80]- confirms that an unpaired electron on the cage disappear by one electron 
reduction which is consistent with the recent isolation of the anionic species of homo 
di-EMFs. Further BS-DFT calculations suggests that strong ferromagnetic exchange 
interaction is possible for the [Gd2@C80]-  i. e, between the Gd(III) ions and the 
additional spin in the interstitial orbital. This kind of a strong exchange interaction is not 
possible for the normal gadolinium coordination complexes. Studies on the absorption 
spectra of M2@C80 shows that except [Sc2@C80]- all other studied di-EMFs have 
similar absorption spectra. This is because for [Sc2@C80]- there is a significant metal 
contribution towards the absorption spectra whereas for Y, La, Gd and Lu absorption 
spectra is almost independent on the metals encapsulated.  
In chapter six, I have discussed on the structural and electronic properties on a 
series of neutral and anionic species of M1M2@C80 including heteronuclear 
metal/lanthanides was studied. Depending upon the encapsulated metals, occupation of 
the metal-based molecular orbital and the nature/behaviour of the electron transfer are 
different for M1M2@C80, and were categorized into three groups:  i) LaM@C80 (M = 
Ce, Pr), ii) LaM@C80 (M = Sm, Eu), iii) GdM@C80 (M = Sc, Y, La, Lu). Molecular 
orbital analysis suggests that the transfer of valence electrons from metal to cage is 
governed by the energy level of the metal-based molecular orbital, and the anionization 
can stabilize the M1M2@C80 complexes, as confirmed for homonuclear EMFs. Besides, 
on the basis of the energy level of the metal-based orbital, we designed heteronuclear 
encapsulated metallofullerene (EMFs) anions such as GdLa@C80, which is expected to 
be thermodynamically stable compared to the anionic homonuclear analogues of 
M2@C80 (M = Sc, Y, Lu). Thus, encapsulating heterometals in the C80 cage is one of 
the methods to improve the stability of the di-EMFs. In addition, predictions on the 
absorption spectra of heteronuclear M1M2@C80 show that even though the metal 
orbitals are involved for the low-lying excitations, significant changes do not occur in 
the spectra because of the dominant cage to cage transitions. Hence, the spectra for the 
studied hetero-dimetallofullerenes is nearly independent of the metals encapsulated. 
Furthermore, I have extended my studies to anisotropic dimetallofullerenes and 
modelled some complexes which is expected to behave single molecule magnetic 
behaviour. The previously reported EMFs based single molecule magnet, such as, 
DySc2N@C80 and Dy2ScN@C80 has been compared with our model complexes 
DyM@C80 (M= Sc, Y, La, Lu, Dy). The analysis suggests that the encapsulating metal 
with a non-metal combination as well as only metals inside the cage combinations are 
favorable for SMM behaviour. Thus, we proposed some of the possible candidates for 
the future studies towards the magnetic materials. I believe that these results and 
predictions will help the experimentalists to design new generation magnetic materials 
based on metal/lanthanide encapsulated endohedral fullerenes. 
 
 
